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ABSTBACT 

A total of 100 second graders vere pretested for 
conservation of length and weight. Fifty pairs vere then foraed, each 
pair consisting of one conserver and one nonconserver. During the 
second session, the children attempted to resolve their opposed 
answers on the conservation tasks and on two control questions as 
well. On both length and weight, the conserver* s answer prevailed 
significantly iioro often than the nonconserver* s; there were no 
differences on the control tasks. Analysis of the interaction 
revealed several aeasures on which conservers differed froa 
nonconservers, and winners of the argunent frooi losers. The results 
are discussed in terns of two issues: the certainty with which 
operational concepts are held, and the role of peer interaction in 
cognitive change. (Author/CS) 
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PEERS, PERSUASION, AND PIAGET: DYADIC INTERACTKMI 
BETWEEN CONSERVERS AND NONCONSERVEF 
Scott A. Miller and Cella A. Brownell 
University of Michigan 

Two theoretical issues underlie the study to be reported here. The first 
concerns the certainty with which children experience Piagetian concepts. Piaget 
(e.g., 1971) has argued that concepts such as conservation, once fully understood, 
are experienced as logically necessary truths. Evidence in support of this propo- 
sition has been difficult to obtain. Conservers are not notably resistant to the 
extinction of their beliefs (Miller, 1971), nor do they express much surprise when 
conservation is apparently violated (Miller, 1973). By neither measure, in fact, 
do conservers appear any more certain about conservation than nonconservers do 
about nonconservation. Yet both Piaget's theory and common sense suggest that 
the former belief should be held with more certainty than the latter. 

There are, it is true, methodological limitations in the kinds of research 
Just considered. Most of the studies have focused on conservation of weight, 
making conclusions about conservation in general uncertain. And both the extinc- 
tion and the surprise paradigms have challenged the child's belief with discon- 
firming evidence from an adult authority figure. The social pressures in such 
settings may well have obscured any feelings of certainty that the child still 
possessed. The present study attempts to overcome these limitations. 

The second issue to be examined is the role of peer interaction in cognitive 
development. Attempts to explain the child's progression through Piagetian stages 
have typically emphasized either adult teaching or the child's interaction with 
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the physical world. Training studies, in particular, have been limited almost 
exclusively to situations In which the child Interacts with an adult experimenter 
who presents certain selected physical materials. The possibility that peers 
may play an Important role In cognitive change has been largely Ignored. This 
neglect has occurred despite the fact that Plaget*s eatly writings suggest a 
central role for peer Interaction. Specifically, Plaget (1932) argued that the 
conflicts which arise In Interchanges between peers are an Important source of 
decenterlng and hence of cognitive change. 

The procedure for examining both of these Issues Is to pair children with 
opposing solutions to a problem and require them to discuss the problem and ar- 
rive at a common solution. The problems of greatest Interest are two Plagetlan 
tasks: conservation of length and conservation of weight. Certain control 
problems are also Included; these are an attempt to assure that any differences 
between conservers and nonconservers are specific to conservation and not a re- 
flection of general differences In social Influence. Such a procedure can yield 
two kinds of evidence relevant to the Issues of peer Interaction and cognitive 
certainty. One source of evidence Is the Interplay of arguments and counter- 
arguments as each child attempts to convince the other of his solution. And the 
second, of course. Is the solution eventually reached. 

Two studies by Silverman an-^. associates (Silverman & Gelrlnger, 1973; 
Silverman & Stone, 1972) are the closest previous analogues to the current ex- 
periment. In both, conservers and nonconservers were paired and required to dis- 
cuss their answers to conservation problems, and In both the conserver won the 
argument significantly more often than the nonconserver. These studies provide 
some beginning evidence, then, that beliefs In conservation are In fact held with 
more certainty than beliefs In nonconservatlon. Since neither study Included 
any control tasks, however. It Is not cl&ar whether the outcome Is specific to 
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the conservation problem or a reflection of the general dominance of conservers. 
Al8o» neither report provides much Information about the Interaction between the 
children prior to solution. Without such Information, It Is Impossible to obtain 
a full answer to either of the quest lond Identified above: how certain are chil- 
dren about their beliefs In conservation or noticonservatlon, and how do they go 
about attempting to convince each other when they find that their beliefs are In 
conflict. The present re|k)rt attempts to provide a fuller picture of the chil- 
dren's discussions prior to agreement. 

Method 

Subjects 

The final sample consisted of 100 second graders (58 boys and 42 girls) * 
from two predominantly middle-class schools In Ann Arbor, Michigan. These children 
were selected from an Initial sample of 223 on the basis of their performance on 
the conservation pretests. During the second (Interaction) session, some children 
were tested only on length, some only on weight, and some on both concepts. 
Table 1 Indicates the number of children In each of the various conservation 

4 

I nsert Table l"a bou"he re 

categories, as well as their mean ages and distribution by hex* The final sample 

Included six black children. 

Procedure 

The testing was divided Into two sessions. Two Plagetlan concepts were 
assessed In the first session: conservation of length and conservation of weight. 
The stimuli for the length trials were colored sticks 20.5 cm. in length. Length 
trials began with two sticks aligned horizontally to show their equal lengths. 
On the first trial the top stick was moved forward about 5 cm.; on the second 
trial the bottom stick was made into a zigzag. The conservation question was 
"Are the two sticks still the same length, or is one longer than the other?" 
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followed by "Wtiy Is tliat?" On the second trial the child was also asked whether 
someone walking along the two sticks would walk the sdme or different distances. 

The stimuli for the weight trials were clay balls. A balance scale was used 
to indicate the initial equality of the two balls. Oh the first trial one ball 
was made into a sausage; on the second trial one ball was broken into six smaller 
balls. The conservation question was "Do the red and blue (for example) still 
weigh the same, or does one weigh more than the other?" followed by "Why is that?" 

The length and weight trials were balanced for order across subjects. The 
first session concluded with the two questions that were to be used as control 
items during the later interaction session: "What is the most dangerous animal 
in the world?" and "What is the very best TV show?" 

On all of the quest ioHo in the first session, the child gave his answer 
orally and then wrote it on a piece of paper with his name on it. This paper was 
used in the second session to remind the child of his answers. 

Children were paired for the second session on the basis of their pretest 
performance. The pairs always Included one conserver and one nonconserver. A 
child was considered a conserver for a given concept if he answer both questions 
for that concept correctly and also provided logical explanations for his answers. 
He was considered a nonconserver if he answered both questions incorrectly. Any 
other pattern was regarded as transit ioi^al. Whenever possible, children were 

paired on both concepts; if necessary ,n however, they were paired on just length 

» 

or Just weight. The pairs were formed randomly from the avail ible conservers and 
nonconservers, subject to three constraints: children were paired only if they 
differed on at least one of the control questions; members of a pair were always 
from the same classroom; members of a pair were always of the same sex. The last 
constraint derived from pilot test data which suggested that productive inter- 
action was much likelier for within-sex than between-sex pairs. 
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It was not possible to make the length of time between sesdluus the same 
for all children. The modal interval (for 37 of 100 children) was two days; 
the range was one to eight days* 

The second session began with the experimenter explaining that she was 
going to ask some of the same questions that she had asked before, but that this 
time she would ask both children together. She told them that she would check 
their answers from the previous time; if the answers were different, then she 
would ask them to discuss the question and try to agree on the same answer. 
The general lead-in stressed several points: that the children would have to 
give reasons for their answers; that the important thing was to work together 
to arrive at the best answer; and that it was all right for a child to change 
his mind, if he really believed that the other child's answer yas best. 

The question about "most dangerous animal" was always administered first, 
followed by "best TV show," followed by the conservation problem or problems. 
In the case of conservation, only the first of the two pretest trials was used, 
the staggered sticks problem for length and the sausage problein for weight. 
The order of the length and weight tasks was balanced for subjects receiving both. 

On each interaction trial, the experimenter posed the question to be dis- 
cussed, stated the children's answbrs from the f^rst sei»sion, and reiterated the 
instructions about discussing the question to arrive at a common solution. The 
children were always allowed at least 10 seconds to begin talking before the 
experimenter first intervened. For the most part, both the f.^rst intervention 
and later interventions were touched in general terms (e.g., "Remember that you 
have to give each other reasons."); occasionally, however, a specific child was 
prompted. Interventions were used both to elicit conversation when the children 
were not talking and to redirect conversation when it wandered from the topic. 
Conversation continued until the children had clearly agreed on one answer, or 
until the experimenter decided that they were hopelessly deadlocked. 
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At the conclusion of the dyadic session, the child who had changed his an- 
swer on conservation stayed behind for an Individual posttest (the choice of 
which child stayed was made to appear random through use of a "guess the number 
closest to mine" game). The posttest was a repetition of both pretest trials 
for the conservation or conservations on which thfe child had given In. The entire 
second session. Including the Individual posttest^ was tape-recotded. 
Scoring 

Two judges Independently rated the adequacy of the explanations that .ac- 
companied conservation judgments on both the pretest and the posttest. Explan- 
ations of the following typee were considered adequate: Reversibility, Compen- 
sation, Addition/Subtraction, Previous Equality, Irrelevancy of Transformation, 
and (for weight only) Same Amount of Clay. The percentage of agreement with 
respect to adequacy of explanation was 96% for pretest explanations and 95Z for 
posttest explanations. 

The categories that were used in scoring the discussions of conservation 

tasks are shown in Table 2, along with the percentages of agreement obtained by 

Insert^Table 2 about^here 

the two judges who Independently scored the tapes. In cases ot disagreement, the 

judges listened to the tape together to arrive at a common judgment. 

Results 

Pretest 

As noted, subjects were considered as conservers for a particular concept 
if they answered both questions correctly ard provided logical explanations for 
their answers, as nonconservers if they answered both questions Incorrectly, and 
as transitional if they showed any other pattern. The pretest for conservation 
of length yielded 35% conservers, 39% nonconservers, and 26% transitional; the 
figures for weight were 46% conservers, 27% nonconservers, and 26% transitional. 
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A sign test revealed that conservation of weight was significantly easier tnan 
conservation of length (Z » 4.12, £ < .001; here and throughout, all £ values 
are based on two-tailed tests). On neither task was there a significant sex 
difference. 
Interaction 

The control problems (the questions about most dangerous animal and best 
TV show) yielded 90 usable trials across the 50 pairs. Conservers won the argu- 
ment on 41 of these trials, nonconservers o.i 38, and there were 11 stalemates. 
There was no evidence, theref ^ that conservers- and nonconservers differed in 
relative social influence. 

The picture on the conservation trials was quite different. On conservation 
of length, conservers won out 27 times, nonconservers 3 times, and there were 
3 stalemates (Z = 4.20, £ < .001 by the normal approximation to the binomial). 
On conservation of weight, conservers won 25 times, nonconservers 5 times, and 
there were 6 stalemates ( Z = 3.47, £ < .001). The superiority of conservers ap- 
peared somewhat more marked for male pairs than for female pairs. Male conservers 
prevailed on 34 of 36 trials on which there was eventual agreement; for females 
the figure was 18 of 24. 

As indicated in Table 1, it was possible to form only one pair in which each 
child served as the conserver for one concept and the nonoonserver for the other. 
The results from this pair fit the overall pattern: The conserver prevailed in 
each case. 

Table 3 presents the analysis of the interactions. Result? for males and 

Ill^Sli^Ifil^.l about"nere 

females have been combined, since in general the patterns for the two sexes were 
quite similar. The data are presented in two waya, conserver vs. nonconserver 
and winner vs. loser. These comparisons are, of course, overlapping, given the 
high proportion of trials on which the conservers were the winners. They are not 
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identical, however , since there were eight trials on which nonconservers won and 
nine trials which ended in stalemates. 

As Table 3 indicates, significant differences between conservers and noncon- 
sr*rvers emerged on several measures. (Unless otherwise noted, all comparisons 
are based on Fisher's Exact Test.) On the ^^^eight task, conservers were more 
likely than nonconservers to assert their answer at least once (£ <.02); a similar 
comparison on the length trials approached significance < .10). This finding 
reflects the fact that on 17 of the 68 trials (5 on length, 12 on weight) the 
nonconserver gave in without even seating his original answer. Similarly, on 
the length problems conservers were more likely than nonconservers to offer at 
least one explanation in support of their answer (£ < .01); the difference or the 
weight trials did not reach significance. On length, in fact, there was no trial 
on which the conserver did not both assert and explain his answer. 

The remaining differences between conservers and nonconservers reached 
significance only on the length trials. Conservers were more likely than non- 
conservers to produce a Counter to the other child's explanation (£ < .01). Con- 
servers were also more likely to move or suggest moving the stimuli (£ < .02). 
The fact that the lattet difference did not appear on the weight tiials may re- 
flect a difference in the meaning of the **moves stimuli** response on the two 
tasks. Instances of this category on the length trials seemed to consist mainly 
of demonstrations of an answer (e.g., moving the stick back to show reversibility), 
whereas occurrences on the weight problems were often simply requests for a solu- 
tion (e.g., "Could we put them on the scale and see?"). 

A comparison of winners vs. losers reveals significant differences in all 
of the above-mentioned cases in which conservers and nonconservers differed 
(all £S < .05 by Fisher's Exact Test), and in several additional cases as well. 
All of the additional differences appeared on the weight trials. On these trials, 
the child who eventually won the argument was significantly more likely than the 
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other child to utter the first task-relevant statement (Z « 2.83, £ < .01 by the 
normal approximation to the binomial) as well as the first explanation in sup- 
port of his answer <£ « .01, binomial test). The eventual winner on weight was 
also more likely to offer an explan-vtion for his answer (£ < .01), as well as to 
attempt a Counter of the other child's explanation (£ < .05). These latter dif- 
ferences parallel similar differences on the length trials. 

Part of the information provided by an analysis of the interactions is des- 
criptive rather than comparative in nature. The degree of discussion generated 
by the conservation problems can best be described as moderate. This con- 
clusion is suggested not only by the proportions reported in Table 3 but by 
certain other results as well. For ex-^mple, the average number of times a subject 
asserted his answer was 7.1 on the length trials and 4.7 on the weight trials. 
The* average number of explanations offered was 4.0 for length and 2.3 for weight. 
The average time per trial was 178 saconds (median « 114 setonds) for length and 
131 seconds (median - 47 seconds) for weight. It should be noted, however, that 
the distribution of times was decidedly bimodal. Thus, while 31 of the 68 trials 
were resolved in less than 50 seconds, 28 of the remaining trials lasted for 3 
minutes or more. There seemed, then, to be two sorts of pairs: those in which 
one child (usually the nonconserver) gasre in quickly, and those which engaged in 
a fairly protracted discussion. 

A final analysis concerns the variety of explanations offered. The great 
majority of the nonconservers* explanations were simple variants of a perceptual 
theme (e.g., "It*s skinnier now.") The great majority of the conservers* ex- 
planations were logically adequate Justifications. Of the five major types of 
explanation (Reversibility, Compensation, Addition/Subtraction, Previous Equality, 
and Irrelevancy of Transfomation) , the most common was the Irrelevancy argument, 
which was used on 62% of the trials (an example of such an argument would be "You 
Just pushed it up."). All of the arguments appeared with some frequency, however, 
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and It was quite common for a conserver to resort to ':^everal distinct explanations 
when faced with a recalcitrant nonconserver • Thus, on 20 of the 68 trials the 
conserver produced three or more distinct explanations; on 10 trials he produced 
four or more different explanations. And, of coutse, the appearance of multiple 
explanations would have been greater had the nonconserver offered more resistance. 
Of the 28 trials which lasted for more than 3 minutes, 17 contained at least 
three distinct explsmations by the conservers. 
Fosttest 

The proportion of conservation judgments by nonconservers on the posttest 
was >0% for length and 54% for weight. In both cases, 93% of the judgments were 
accompanied by logically adequate explanations. And in both cases, performance 
was better on the first trial (the problem which had been discussed during the 
interaction) than on the second. With both concepts combined, there were 73% 
conservation judgments on trial 1 and 31% on trial 2. 

Since the nonconserver prevailed on only eight trials during the interaction, 
data concerning the posttest performance of conservers are limited. What data 
there are, however, seem similar to those for nonconservers. Conservers gave 
44% non conservation answers on the pcsttest — 75% on trial 1 and 13% on trial 2. 
All of the nonconservation judgments were accompanied by perceptual explanations. 

Discussion 

The results from the analysis of yielding confirm and extend those of Silver- 
man and Stone (1972) and Silverman and Geiringer (1973). As in their studies, 
the conserver *s answer prevailed on the great majority of conservation trials* 
The inclusion of control tasks permits an important clarification, however: The 
superiority of conservers i.s specific to conservation, and not a reflection of 
general social dominance. In contrast to dnta froa. extinction and surprise 
studies (e.g.. Hall & Simpson, 1968; Miller, 1973), the interaction paradigm 
indicates that a belief in conservation is in fact more firmly held than a belief 
in nonconservation. 
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It should be noted that the certainty that can be identified In such a 
paradigm Is largely a relative certainty. The fact that conserVers are more 
certain than nonconservers does not indicate the absolute level of the con- 
servers' confidence; in particular, it do^ • rot indicate that conservcrs exper-- 
lence conservation as a logically ne^ y truth. Statements that might have 
reflected feelihgs of necessity were rare. The initial scoring system included 
two categories intended to encompass such feelings; a measure of explicit as- 
sertions of certainty in one's own answer (e.g., "I know I'm right."), and an 
index of statements from which necessity might be inferred (e.g., "They have to 
weigh the same."). Occurrences of such responses were so infrequent, however, 
that both categories had lo be abandoned. This finding is similar to the resulf 
of extinction research, in which explicit statements of necessity are alsb rare. 
If conservers do experience conservation as logically necessary, they seldom put 
their experience clearly into words. 

The measurement of certainty through peer persuasion is relative in a second 
sense as well. The evtent to which conservers or nonconservers win the argutient 
must surely depend on the developmental level of the sample. Specifically, t..e 
more advancec' the sample, the greater should be the dominance of conservers: 
Not only should the conservers' concepts become more solid with increasing age, 
but the nonconservers should become more willing to abandon their belief In non- 
conservation. Conversely, a very young sample might show a wore substantial 
proportion of nonconservation solutions than that obtained here. The attempt 
in the present study was to draw subjects from an initial pool in which conser- 
vation and nonconservation were about equally likely. The fact that the sample 
for weight deviated from this 50% point may account for the relatively large 
number of weight trials on which the nonconserver offered no resistance. Similarly, 
Silverman and Geiringer's focus on first graders may explain why the superiority 
of conservers on length problems was somewhat less marked in their study than here. 
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The analysis of the interactions suggests two general conclusions about pro-- 
cesses of peer persuasion in the context of conservation problems. First, many 
children (mostly nonconservers) were apparently so uncertain of their original 
answer that mere exposure to an opposing answer was sufficient to produce giving 
in. Thus I on 25 trials the loser never offered an explanationi and on 20 of these 
trials he never even asserted his original answer. Silverman also found (personal 
communication) that the mere presentation of a contradiction seemed to be a major 
element in the efficacy of peer interaction. Presiimably, effective contradictions 
would not have to be social in origin; a number of studies (e.g., Bralnerd & 
Allen, 1971; Miller, 1973) have reported positive training effects from the pre- 
sentation of disconf irming physical feedback. It may be, however, that contra- 
dictions of a social nature are especially likely to occur in the environment of 
a young child. 

The second conclusion concerns the children who engaged in a more prolonged 
discussion. In such pairs, the qualities that seemed to distinguish the con- 
servers were the variety and adaptability of their approach. Conservers and non- 
conservers did not differ significantly in tendency to initiate the discussion, 
nor in the total number of times that they asserted their answers, nor in the 
total number of times that they offered explanations. The conservers, however, 
were more likely to attempt to rebut the other child's explanation, more likely 
(on the length trials) to manipulate the stimuli, and more likely to generate a 
variety of different explanations in support of their answer. The nonconservers, 
in contrast, seemed to be limited largely to restatements of their original per- 
ceptual response, with little ability to supplement their reasoning or to counter 
the other child's reasons. 

Performance on the posttest suggests that the degree of genuine training or 
extinction was modest at best. Similar studies which have included more interaction 
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trials (Murray, 1972; Silverman & Geiringer, 1973; Silverman & Stone, 1972) have 
produced more impressive training effects* As was noted earlier, however, the 
interest in this study was not in posttest performance per se. Any review of 
conservation training studies (e.g., Beilin, 1971) suggests two conclusions: a 
great variety of training procedures can induce significant gains in conservation, 
and none of these procedures (including peer interaction) has much direct resem* 
blance to the way in which children acquire conservation outside the laboratory. 
The obvious implication is that research should focus less on posttest gain and 
more on identifying the potentially generalizable aspects of the processes by 
which change comes about. 
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